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Abstract
Permanent electric dipole moments (EDMs) of fundamental particles provide
powerful probes for physics beyond the Standard Model. We propose to search for
the EDM of strange and charm baryons at LHC, extending the ongoing experimental
program on the neutron, muon, atoms, molecules and light nuclei. The EDM of
strange Λ baryons, selected from weak decays of charm baryons produced in pp
collisions at LHC, can be determined by studying the spin precession in the magnetic
field of the detector tracking system. A test of CPT symmetry can be performed
by measuring the magnetic dipole moment of Λ and Λ baryons. For short-lived
Λ+c and Ξ
+
c baryons, to be produced in a fixed-target experiment using the 7 TeV
LHC beam and channeled in a bent crystal, the spin precession is induced by the
intense electromagnetic field between crystal atomic planes. The experimental layout
based on the LHCb detector and the expected sensitivities in the coming years are
discussed.
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1 Introduction
The experimental searches for the electric dipole moment (EDM) of fundamental particles
provide powerful probes for physics beyond the Standard Model (SM). The existence of
permanent EDMs requires the violation of parity (P ) and time reversal (T ) symmetries
and thus, relying on the validity of the CPT theorem, the violation of CP symmetry. Since
EDM searches started in the fifties [1,2], there has been an intense experimental program,
leading to limits on the EDM of leptons [3–5], neutron [6], heavy atoms [7], proton (indirect
from 199Hg) [8], and Λ baryon [9]. New experiments are ongoing and others are planned,
including those based on storage rings for muon [10,11], proton and light nuclei [12–14].
Comprehensive reviews on EDM experiments can be found in Refs. [15–21].
The amount of CP violation in the weak interactions of quarks is not sufficient to
explain the observed imbalance between matter and antimatter in the Universe. The SM
Lagrangian of strong interactions contains a CP -violating term proportional to the QCD
vacuum angle θ; however, no CP violation has been observed in the strong interactions.
A stringent upper bound, θ <∼ 10−10, is derived from the experimental limit on the EDM
of the neutron, < 3.0× 10−26 e cm (90% C.L.) [6]. This degree of tuning in the value of
θ is known as the “strong CP” problem. Several solutions have been proposed, among
which is the Peccei-Quinn mechanism [22–24] that predicts the axion as a candidate for
dark matter.
EDM searches of fundamental particles rely on the measurement of the spin precession
angle induced by the interaction with the electromagnetic field. For unstable particles this
is challenging since the precession has to take place before the decay. A solution to this
problem requires large samples of high energy polarized particles traversing an intense
electromagnetic field.
In this work, we discuss the unique possibility to search for the EDM of the strange
Λ baryon and of the charm Λ+c and Ξ
+
c baryons at LHC. Using the experimental up-
per limit of the neutron EDM, the absolute value of the Λ EDM is predicted to be
< 4.4× 10−26 e cm [25–28], while the indirect constraints on the charm EDM are weaker,
<∼ 4.4 × 10−17 e cm [29]. Any experimental observation of an EDM would indicate a
new source of CP violation from physics beyond the SM. The EDM of the long-lived Λ
baryon was measured to be < 1.5× 10−16 e cm (95% C.L.) in a fixed-target experiment at
Fermilab [9]. No experimental measurements exist for short-lived charm baryons since
negligibly small spin precession would be induced by magnetic fields used in current
particle detectors.
By studying the spin precession of polarized Λ baryons, originated from weak charm
baryon decays, it is possible to extract the EDM. We show that an improvement of the
present limit of about two orders of magnitude is within reach of the LHCb experiment.
The measurement of the magnetic dipole moment (MDM) of Λ and Λ baryons would
allow a test of CPT symmetry at per mille level. A similar test has been performed for
the proton [30], electron [31], and muon [32], and a new experiment for the proton is
planned [33].
We propose to search for the EDM of short-lived charm baryons produced by interaction
of the 7 TeV LHC proton beam on a fixed target and channeled in a bent crystal in front
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of the LHCb detector. A sizeable spin precession angle for the short-lived Λ+c and Ξ
+
c
baryons would be possible by exploiting the intense electromagnetic field between crystal
atomic planes. The charm baryon decays can be reconstructed using the LHCb detector.
From one month dedicated runs, sensitivities at the level of 10−17 e cm can be reached.
This research would extend the physics program of the proposed experiment [34,35] for
the measurement of charm baryon MDMs.
2 EDM experiment concept
The magnetic and electric dipole moment of a spin-1/2 particle is given (in Gaussian
units) by µ = gµBs/2 and δ = dµBs/2, respectively, where s is the spin-polarization
vector1 and µB = e~/(2mc) is the particle magneton, with m its mass. The g and d
dimensionless factors are also referred to as the gyromagnetic and gyroelectric ratios. The
interaction of magnetic and electric dipole moments with external electromagnetic fields
causes the change of the particle spin direction. The experimental setup to measure this
effect relies on three main elements: i) a source of polarized particles whose direction and
polarization degree are known; ii) an intense electromagnetic field able to induce a sizable
spin precession angle during the lifetime of the particle; iii) the detector to measure the
final polarization vector by analysing the angular distribution of the particle decays.
2.1 Λ and Λ case
A large amount of Λ baryons is produced directly from the LHC pp collisions via strong
interactions. The initial polarization direction is perpendicular to the production plane,
defined by the proton beam and Λ momentum directions, due to parity conservation. The
level of polarization increases with the transverse momentum with respect to the beam
direction. Thus a significant initial polarization could be achieved by selecting events
within specific kinematic regions [36].
In contrast, weak decays of heavy baryons (charm and beauty), mostly produced in
the forward/backward directions at LHC, can induce large longitudinal polarization due
to parity violation. For example, the decay of unpolarized Λ+c baryons to the Λpi
+ final
state [37], produces Λ baryons with longitudinal polarization ≈ −90%, being the decay
asymmetry parameter αΛpi+ = −0.91 ± 0.15 [38]. Another example is the Λ0b → ΛJ/ψ
decay where Λ baryons are produced almost 100% longitudinally polarized [39,40].
The spin-polarization vector s of an ensemble of Λ baryons can be analysed through
the angular distribution of the Λ→ ppi− decay [41,42],
dN
dΩ′
∝ 1 + αs · kˆ , (1)
where α = 0.642± 0.013 [38] is the decay asymmetry parameter. The CP invariance in the
Λ decay implies α = −α, where α is the decay parameter of the charge-conjugate decay.
The unit vector kˆ = (sin θ′ cosφ′, sin θ′ sinφ′, cos θ′) indicates the momentum direction of
the proton in the Λ helicity frame, with Ω′ = (θ′, φ′) the corresponding solid angle, as
illustrated in (Left) Fig. 1. We can consider the Λ momentum either in the heavy hadron
helicity frame, SH , shown in (Center) Fig. 1, or in the laboratory frame, SL, defined in
1The spin-polarization vector is defined such as s = 2〈S〉/~, where S is the spin operator.
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(Right) Fig. 1. This offers two possible options for the Λ helicity frame, as seen from the
SH or the SL frames and referred to as SΛ or SΛL, respectively, the latter sketched in
(Left) Fig. 1.
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Figure 1: (Left) Λ helicity frame (SΛL), (Center) heavy baryon (SH), and (Right) laboratory
frame (SL). The Λ and proton angles, (θ
′, φ′) and (θ, φ) are defined in the SΛL and the SH
frames, respectively. The z axis in SΛL is defined by the Λ momentum in SL, and the x axis
is along the normal to the Λ production plane, defined by the Λ and H momenta in SL frame.
The z axis in SH is given by the heavy hadron momentum in SL, and the x axis is parallel to
the normal to its production plane. The proton beam momentum is taken along the z axis and
the vertical direction by the y axis in the SL frame.
The dynamics of the spin vector in presence of external electromagnetic fields is given
by the T-BMT equation [43–45] (see Appendix A). For a neutral particle in a magnetic
field B in the laboratory with negligible field gradient effects, the general solution as a
function of the Λ flight length l is described in Sec. A.1. For the particular case of Λ and
H baryons flying along the z axis in SL frame, an initial longitudinal polarization s0, i.e.
s0 = (0, 0, s0), and B = (0, By, 0), the solution is
s =

sx = −s0 sin Φ
sy = −s0dβ
g
sin Φ
sz = s0 cos Φ
, where Φ =
DyµB
β~c
√
d2β2 + g2 ≈ gDyµB
β~c
, (2)
with Dy ≡ Dy(l) =
∫ l
0
Bydl
′ the integrated magnetic field along the Λ flight path. The
polarization vector precesses in the xz plane, normal to the magnetic field, with the
precession angle Φ proportional to the gyromagnetic factor of the particle. The presence
of an EDM introduces a non-zero sy component perpendicular to the precession plane of
the MDM, otherwise not present. At LHCb, with a tracking dipole magnet providing an
integrated field Dy ≈ ±4 Tm [46], the maximum precession angle for particles traversing
the entire magnetic field region yields Φmax ≈ ±pi/4, and allows to achieve about 70%
of the maximum sy component. Moreover, a test of CPT symmetry can be performed
by comparing the g and −g¯ factors for Λ and Λ baryons, respectively, which precess in
opposite directions as g and d change sign from particle to antiparticle.
Contrarily to the past fixed-target EDM experiments where the momentum direction
in the laboratory frame was fixed and perpendicular to the magnetic field [9, 47], in this
case the Λ momentum varies being the particle produced from heavy baryon decays. As
a consequence, the polarization vector is not fixed to be perpendicular to the magnetic
field and the signature of the EDM becomes the variation of the sy component of the
polarization vector before and after the magnetic field. To avoid the dilution introduced by
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the rotation of the Λ production plane, the change of the polarization has to be determined
separately for ensembles of Λ baryons with similar initial polarization, selected according
to the kinematics of the decay. In particular, the projection of the Λ trajectory in the xy
plane in SL at the z position of the H production vertex can be used to select events with
similar polarization, as discussed in Sec. A.1.2.
2.2 Λ+c and Ξ
+
c case
The Λ+c and the Ξ
+
c baryon EDM can be extracted by measuring the precession of the
polarization vector of channeled particles in a bent crystal. There, a positively-charged
particle channeled between atomic planes moves along a curved path under the action of
the intense electric field between crystal planes. In the instantaneous rest frame of the
particle the electromagnetic field causes the spin rotation. The signature of the EDM is a
polarization component perpendicular to the initial baryon momentum and polarization
vector, otherwise not present, similarly to the case of the Λ baryon.
The phenomenon of spin precession of positively-charged particles channeled in a
bent crystal was firstly observed by the E761 collaboration that measured the MDM of
the strange Σ+ baryon [48]. The possibility to measure the MDM of short-lived charm
baryons using channeling in bent crystals, in the momentum range of hundreds of GeV/c,
is discussed in Ref. [49,50]. The feasibility of the measurement at LHC energies is studied
in Ref. [34] and offers clear advantages with respect to lower beam energies since the
estimated number of produced charm baryons that are channeled into the crystal is
proportional to γ3/2 where γ is the Lorentz factor of the particles.
Charm baryons produced by interaction of protons on a fixed target, e.g. tungsten
target, are polarized perpendicularly to the production plane due to parity conservation
in strong interactions [51]. The production plane xz, shown in (Left) Fig. 2, is determined
by the proton and the charm baryon momenta; the latter defines the z axis. The initial
polarization vector s0 = (0, s0, 0) is perpendicular to the production plane, along the y
axis. To induce spin rotation the crystal is bent in the yz plane.
The intense electric field E between the crystal planes which deflects positively-charged
particles, transforms into a strong electromagnetic field E∗ ≈ γE, B∗ ≈ −γβ × E/c in
the particle rest frame and induces the spin precession, as it is described in detail in
Refs. [52, 53] and illustrated in (Right) Fig. 2. The crystal bending angle is defined as
θC = L/ρ0, where L is the circular arc of the crystal and ρ0 the curvature radius. The
precession angle Φ is defined as the angle between the polarization vector and the y axis,
as shown in (Right) Fig. 2. In the limit of large boost with Lorentz factor γ  1, the
precession angle in the yz plane induced by the MDM is [54]
Φ ≈ g − 2
2
γθC , (3)
where g is the gyromagnetic factor.
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Figure 2: (Left) Production plane of the Λ+c baryon defined by the proton and the Λ
+
c momenta.
The initial polarization vector s0 is perpendicular to the production plane, along the y axis, due
to parity conservation in strong interactions. (Right) Deflection of the baryon trajectory and
spin precession in the yz and xy plane induced by the MDM and the EDM, respectively. The
red (dashed) arrows indicate the (magnified) sx spin component proportional to the particle
EDM. Φ is the MDM precession angle and θC is the crystal bending angle.
In presence of a non-zero EDM, the spin precession is no longer confined to the yz
plane, originating a sx component proportional to the particle EDM represented by the red
(dashed) arrows in (Right) Fig. 2. The integration of the equation of motion in presence
of EDM is described in Appendix A, as well as the approximations used to solve the
equations analytically. The polarization vector, after channeling through the crystal is
s =

sx ≈ s0 d
g − 2(cos Φ− 1)
sy ≈ s0 cos Φ
sz ≈ s0 sin Φ
, (4)
where Φ is given by Eq. (3). The polarization can be determined, as in the case of the
Λ EDM described in Sec. 2.1, by studying the angular distribution of the final state
particles. The angular distribution for non-channeled particles allows to determine the
initial polarization along the y axis, which compared to the final polarization allows to
extract the gyromagnetic and gyroelectric factors. The same method applies to both Λ+c
and Ξ+c baryons.
For Λ+c decaying to two-body final states such as pK
∗0, ∆++pi−, Λ(1520)pi+ and
Λpi+, the angular distribution is described by Eq. (1), where α is a parity violating
coefficient depending on the final state, kˆ the direction of the final state baryon in the
Λ+c helicity frame, and s the Λ
+
c polarization vector. In the case of the Λ
+
c → Λpi− decay,
the α parameter is measured to be αΛpi− = −0.91 ± 0.15 [38]. For other Λ+c decays no
measurements are available but an effective α parameter can be calculated from a Dalitz
plot analysis of Λ+c → pK−pi+ decays [55], as discussed in Appendix B and summarized
in Table 4. Eventually, a Dalitz plot analysis would provide the ultimate sensitivity
to the EDM measurement. The initial polarization s0 of Λ
+
c particles produced from
the interaction of 7 TeV protons on a fixed target has not been measured. However,
a measurement of Λ+c polarization from 40-70 MeV/c neutron on carbon target gives
s0 = 0.5±0.2 [56], and a measurement from interaction of 230 MeV/c pi− on copper target
yields s0 = −0.65+0.22−0.18 [57].
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3 Sensitivity studies
3.1 Λ and Λ case
To identify the most copious Λ production channels from heavy baryons, we consider
decays containing only charged particles in the final state, with at least one originated
from the heavy baryon decay vertex. No other long-living particles besides the Λ baryon,
except an intermediate Ξ− baryon decaying into the Λpi− final state, are considered.
These conditions are required to reconstruct the production and the decay vertex of the Λ
particle and eventually exploit this information in the event reconstruction. The number
of Λ particles produced can be estimated as
NΛ = 2Lσqqf(q → H)B(H → ΛX ′)B(Λ→ ppi−)B(X ′ → charged), (5)
where L is the total integrated luminosity, σqq (q = c, b) are the heavy quark production
cross sections from pp collisions at
√
s = 13 TeV [58–61], and f is the fragmentation
fraction into the heavy baryon H [62–65]. All branching fractions B are taken from
Ref. [38], and where they are given relative to other decays all the known decay modes
are assumed to sum the total width. In Table 1 the dominant production channels and
the estimated yields are summarised. Overall, there are about 1.5× 1011 Λ baryons per
fb−1 produced directly from heavy baryon decays (referred hereafter as short-lived, or SL
events), and 3.8× 1011 from charm baryons decaying through an intermediate Ξ− particle
(long-lived, or LL events). The yield of Λ baryons experimentally available can then
be evaluated as N recoΛ = geotriggerrecoNΛ, where geo, trigger and reco are the geometric,
trigger and reconstruction efficiencies of the detector system.
Table 1: Dominant Λ production mechanisms from heavy baryon decays and estimated yields
produced per fb−1 at
√
s = 13 TeV, shown separately for SL and LL topologies. The Λ baryons
from Ξ− decays, produced promptly in the pp collisions, are given in terms of the unmeasured
production cross section.
SL events NΛ/ fb
−1 (×1010) LL events, Ξ− → Λpi− NΛ/ fb−1 (×1010)
Ξ0c → ΛK−pi+ 7.7 Ξ0c → Ξ−pi+pi+pi− 23.6
Λ+c → Λpi+pi+pi− 3.3 Ξ0c → Ξ−pi+ 7.1
Ξ+c → ΛK−pi+pi+ 2.0 Ξ+c → Ξ−pi+pi+ 6.1
Λ+c → Λpi+ 1.3 Λ+c → Ξ−K+pi+ 0.6
Ξ0c → ΛK+K− (no φ) 0.2 Ξ0c → Ξ−K+ 0.2
Ξ0c → Λφ(K+K−) 0.1 Prompt Ξ− 0.13× σpp→Ξ− [µb]
The geometric efficiency for SL topology has been estimated using a Monte Carlo
simulation of pp collisions at
√
s = 13 TeV and the decay of heavy hadrons, using
Pythia [66] and EvtGen [67] standalone toolkits, together with a simplified geometrical
model of the LHCb detector [46]. Tracking devices upstream of the dipole magnet (VErtex
LOcator and Tracker Turicensis) and downstream the magnet (T stations) are modelled
to have rectangular shape. The height and width of the tracking layers along the beam
axis are determined by the detector angular acceptance, between 10 mrad and 250 mrad
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Figure 3: (Left) Sketch of the simplified geometry of the LHCb tracking system in the yz plane.
The crosswise lines represent the angular acceptance. The tracking layers and the limits of the
R1 and R2 regions are shown as solid and dotted thick lines, respectively. The magnet is divided
in three regions by thin dotted lines. A simulated Λ+c → Λ(ppi−)pi+ decay with corresponding
pi+ (green), pi− (blue) and p (red) tracks is overla d. (Right) Decay products from Λ baryons
decaying in the last region of the magnet, M3.
(300 mrad) in the vertical (horizontal) direction, as illustrated in (Left) Fig. 3. Particle
trajectories are approximated by straight lines defined by the momentum directions.
Table 2 summarizes the geometric efficiencies for Λ baryons decaying in different
regions of the detector volume, for three different SL topologies. Region R1 is defined
such that the z position of the Λ decay vertex is in the range [0-40] cm from the collision
point and the decay products are within the detector acceptance. Events in the R2 region
have a Λ decay z position in the range [40-800] cm. Charged particles produced together
with the Λ baryon are required to be within the VELO and T1-T3, or the VELO and
TT acceptances, to insure a precise reconstruction of the Λ origin vertex. Events in the
R1 region provide the measurement of the initial Λ polarization vector; events in the R2
region allow to determine the polarization as a function of the Λ decay length in the
magnetic field region. Among the latter, Λ baryons decaying towards the end of the
magnet (M3 region in Table 2) provide most of the sensitivity to the EDM and MDM.
These events are sketched in (Right) Fig. 3. The total geometric efficiency for R1 and R2
regions is about 16%, with small differences among SL topologies, and about 2.4× 1010 Λ
baryons per fb−1 can be reconstructed.
Table 2: Geometric efficiencies (in %) for Λ baryons decaying in different regions of the LHCb
detector, for several charm baryon decays produced at
√
s = 13 TeV.
Region R1 R2 M1 M2 M3
Λ decay vertex z position (cm) [0-40] [40-800] [280-450] [450-610] [610-780]
Λ+c → Λpi+pi+pi− 4.7 10.5 1.3 0.7 0.3
Ξ0c → ΛK−pi+ 5.2 12.2 1.7 1.0 0.6
Ξ+c → ΛK−pi+pi+ 5.3 11.9 1.6 0.9 0.4
To assess the EDM sensitivity, pseudo-experiments have been generated using a simpli-
fied detector geometry that includes an approximate LHCb magnetic field mapping [46,68].
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The angular distribution and spin dynamics have been simulated using Eq. (1) and the
general solution as a function of the Λ flight length described in Sec. A.1, respectively.
For this study initial polarization vector s0 = (0, 0, s0), with s0 varying between 20% and
100%, and factors g = −1.458 [38] and d = 0, were used. Each generated sample was
adjusted using an unbinned maximum likelihood fitting method with d, g and s0 (or αs0)
as free parameters. The d-factor uncertainty scales with the number of events N recoΛ and
the initial longitudinal polarization s0 as σd ∝ 1/(s0
√
N recoΛ ). The sensitivity saturates
at large values of s0, as shown in (Left) Fig. 4, and it partially relaxes the requirements
on the initial polarizations. Similarly, (Right) Fig. 4 shows the expected sensitivity on
the EDM as a function of the integrated luminosity, summing together SL and LL events,
assuming global trigger and reconstruction efficiency triggerreco of 1% (improved LHCb
software-based trigger and tracking for the upgrade detector [69,70]) and 0.2% (current
detector [46]), where the efficiency estimates are based on a educated guess. An equivalent
sensitivity is obtained for the gyromagnetic factor. Therefore, with 8 fb−1 a sensitivity
σd ≈ 1.5× 10−3 could be achieved (current detector), to be compared to the present limit,
1.7× 10−2 [9]. With 50 fb−1 (upgraded detector) the sensitivity on the gyroelectric factor
can reach ≈ 3× 10−4.
The reconstruction of long-lived Λ baryons decaying inside and after the magnet
represents a challenge for the LHCb experiment, introducing significant backgrounds and
a limited resolution on the measurement of the Λ momentum and decay point. Events can
be reconstructed by exploiting the kinematics of exclusive decays and the determination of
the production and the decay vertex of the Λ. According to simulation studies even with
relatively poor resolutions, the EDM and MDM measurements do not degrade significantly.
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Figure 4: (Left) Dependence of the d uncertainty with the initial polarization for N recoΛ = 10
6
events, and (Right) as a function of the integrated luminosity assuming reconstruction efficiency
of 0.2% and 1%.
3.2 Λ+c and Ξ
+
c case
We propose to search for charm baryon EDMs in a dedicated fixed-target experiment at
the LHC to be installed in front of the LHCb detector, as close as possible to the VELO
detector. The target should be attached to the crystal to maximize the yield of short-lived
charm baryons to be channeled. The rate of Λ+c baryons produced with 7 TeV protons on
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a fixed target can be estimated as
dNΛ+c
dt
=
F
A
σ(pp→ Λ+c X)NT , (6)
where F is the proton rate, A the beam transverse area, NT the number of target nucleons,
and σ(pp → Λ+c X) is the cross-section for Λ+c production in pp interactions at
√
s =
114.6 GeV center-of-mass energy. The number of target nucleons is NT = NAρATAN/AT ,
where NA is the Avogadro number, ρ (T ) is the target density (thickness), and AT (AN)
is the atomic mass (atomic mass number). The rate of Λ+c particles channeled in the bent
crystal and reconstructed in the LHCb detector is estimated as
dN reco
Λ+c
dt
=
dNΛ+c
dt
B(Λ+c → f)εCHεDF(Λ+c )εdet (7)
where each quantity and the corresponding estimated value is defined in Table 3. A
Table 3: Definitions and estimated values of the relevant quantities for charm baryon EDM and
MDM sensitivity studies, for a tungsten (W) target.
Definition Quantity Value Unit
Proton flux on target F 5× 108 proton/ s
Avogadro number NA 6.022× 1023 atoms/mol
Target density (W) ρ 19.25 g/ cm3
Target thickness T 0.5 cm
Atomic mass (W) AT 183.84 g/mol
Atomic mass number (W) AN 183.84
pp cross-section to Λ+c σ(pp→ Λ+c X) 18.2 µb
Branching fraction [38] B (Λ+c → ∆++K−) 1.09%
B (Λ+c → Λ(ppi−)pi+) 0.83%
Λ+c boost γ 10
3
Crystal length L 10 cm
Crystal radius ρ0 10 m
Channeling efficiency εCH 10
−3
Decay flight efficiency εDF(Λ
+
c ) 19%
εDF(Ξ
+
c ) 47%
Detector efficiency εdet(Λ
+
c → pK−pi+) 5.4%
εdet(Λ
+
c → Λ(ppi−)pi+) 10−3
Λ+c polarization s0 0.6
α parameter αΛpi+ −0.91
α∆++K− −0.67
MDM anomaly (g − 2)/2 0.3
6.5 TeV proton beam was extracted from the LHC beam halo by channeling protons
in bent crystals [71]. A beam with intensity of 5 × 108 proton/ s, to be directed on a
fixed target, is attainable with this technique [72]. An alternative experimental setup
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to be considered is a target-crystal system positioned in the vacuum pipe of the LHC
where collisions with protons of the beam halo can be reached at comparable rates. Both
solutions should be studied very accurately to be compliant with machine protection
and safety requirements. Recent results from the UA9 collaboration [71], relative to
crystal collimation tests, demonstrated that a similar setup is technically viable and can
be installed successfully in the LHC. Fixed-target collision events can be recorded in
short dedicated runs or in parallel to the pp data taking, if the background caused by
the insertion of a fixed target in the beam halo is negligible with respect to pp collisions.
Both solutions have to be studied in detail using ad-hoc simulations.
The Λ+c cross section can be estimated from the total charm production cross section
measured by the PHENIX experiment in proton-proton collisions at
√
s = 200 GeV [73],
σcc = (567± 57stat. ± 193syst.) µb, rescaled to
√
s = 114.6 GeV assuming a linear depen-
dence on
√
s. By applying the Λ+c fragmentation function used in Ref. [73], σΛ+c /σcc ≈ 5.6%,
compatible with theoretical predictions [74], the Λ+c cross section is σΛ+c ≈ 18.2µb.
The channeling efficiency in silicon crystals, including both channeling angular accep-
tance and dechanneling effects, is estimated to be εCH ≈ 10−3 [75], while the fraction of
Λ+c baryons decaying after the crystal is εDF(Λ
+
c ) ≈ 19%, for γ = 1000 and 10 cm crystal
length. The geometrical acceptance for Λ+c → pK−pi+ decaying into the LHCb detector
is εgeo ≈ 25% according to simulation studies. For Λ+c to Λ decays, e.g. Λ+c → Λ(ppi−)pi+,
the geometrical efficiency is reduced by about a factor 50 since most Λ baryons decay
after the detector tracking volume. The LHCb software-based trigger for the upgrade
detector [69] is expected to have efficiency for charm hadrons comparable to the current
high level trigger [46], i.e. εtrigger ≈ 80%. A specific trigger scheme for the fixed-target
experiment can be adopted to enhance the trigger efficiency for Λ+c decays close to 100%.
For example, a trigger based on the energy loss in a instrumented silicon crystal was used in
the E761 experiment to enhance the rate of reconstructed channeled Σ+ baryons [48]. The
tracking efficiency is estimated to be 70% per track, leading to an efficiency εtrack ≈ 34%
for a Λ+c decay with three charged particles. The detector reconstruction efficiency,
εdet = εgeoεtriggerεtrack, is estimated to be
εdet(pK
−pi+) ≈ 5.4× 10−2 for Λ+c → pK−pi+,
εdet(Λpi
+) ≈ 1.0× 10−3 for Λ+c → Λ(ppi−)pi+. (8)
The initial Λ+c polarization will be eventually measured using non-channeled Λ
+
c
particles. Few Λ+c decay asymmetry parameters are known, the only one relevant for our
experiment is that associated to Λ+c → Λ(ppi−)pi+, αΛpi+ = −0.91± 0.15 [38]. Asymmetry
parameters for different Λ+c decays can be measured precisely at LHCb in the future. At
present, they can be computed from existing Λ+c → pK−pi+ amplitude analysis results [55]
(see Appendix B), yielding α∆++K− = −0.67± 0.30 for the Λ+c → ∆++K− decay.
For the sensitivity studies we assume s0 = 0.6 and (g − 2)/2 = 0.3, according to
experimental results and available theoretical predictions, respectively, quoted in Ref. [50].
The g − 2 and d values can be derived from Eq. (4) as
g − 2 ≈ 2
γθC
arccos
(
Ay
αs0
)
≈ 2
γθC
arcsin
(
Az
αs0
)
, (9)
d ≈ (g − 2)Ax
αs0 [cos Φ− 1] , (10)
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where the quantity Ax,y,z = αsx,y,z is measured from a fit to the angular distribution of
the decay products. The main contribution to the statistical uncertainty on g and d, in
the limit γ  1, can be estimated as
σg ≈ 2
αs0γθC
1√
N reco
Λ+c
, (11)
σd ≈ g − 2
αs0 [cos Φ− 1]
1√
N reco
Λ+c
, (12)
where N reco
Λ+c
is the number of channeled and reconstructed Λ+c , as given in Eq. (7), and
Φ ≈ 3 rad is the precession angle defined in Eq. (3) estimated using the quantities reported
in Table 3. The estimate assumes negligibly small uncertainties on θC , γ and the initial
Λ+c polarization, s0, the latter to be measured with large samples of non-channeled Λ
+
c
decays.
Given the estimated quantities reported in Table 3, we obtain
dN reco
Λ+c
dt
≈ 5.9× 10−3 s−1 = 21.2 h−1 for Λ+c → ∆++K−,
dN reco
Λ+c
dt
≈ 8.3× 10−5 s−1 = 0.3 h−1 for Λ+c → Λ(ppi−)pi+. (13)
For reaching a sensitivity of σd = 0.01, corresponding to a Λ
+
c EDM of δ = 2.1×10−17e cm,
we need, inverting Eq. (12), 5.6× 103 Λ+c → ∆++K− or 3.0× 103 Λ+c → Λ(ppi−)pi+ events,
recorded during a data taking time t of
t = 265 h = 11 days for Λ+c → ∆++K−,
t = 1.0× 104 h ≈ 420 days ≈ 1.2 years for Λ+c → Λ(ppi−)pi+. (14)
Therefore, a measurement of Λ+c EDM is feasible in Λ
+
c quasi two-body decays at LHCb,
while it is difficult in Λ+c to Λ final states.
Considering only Λ+c → ∆++K− events, the uncertainties scale as
σg ≈ 4.0× 10−3 1√
t(month)
, σd ≈ 6.1× 10−3 1√
t(month)
, (15)
corresponding to
σµ ≈ 4.2× 10−27erg/G 1√
t(month)
, σδ ≈ 1.3× 10−17e cm 1√
t(month)
, (16)
where the time t of the data taking period is expressed in months. The dependence of the
sensitivity to Λ+c EDM and MDM as a function of the number of incident protons on the
target is shown in Fig. 5.
Estimating the Ξ+c baryon production and the absolute Ξ
+
c → pK−pi+ branching
fraction as described in Sec. 2.1, we obtain the ratio
σΞ+c B(Ξ+c → pK−pi+)
σΛ+c B(Λ+c → pK−pi+)
≈ 18%, (17)
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Figure 5: Dependence of the (Left) d and (Right) g uncertainties for the Λ+c baryon, reconstructed
in ∆++K− final state, with the number of protons on target. One month of data taking
corresponds to 1.3× 1015 incident protons (dashed line), according to the estimated quantities
listed in Table 3.
while the fraction of Ξ+c baryons decaying after the crystal is εDF(Ξ
+
c ) ≈ 47%. Assuming
decay asymmetry parameters and initial polarization similar to the Λ+c baryon, the
expected statistical uncertainty on the Ξ+c MDM and EDM is
σµ ≈ 6.3× 10−27erg/G 1√
t(month)
, σδ ≈ 2.0× 10−17e cm 1√
t(month)
. (18)
4 Conclusions
The unique possibility to search for the EDM of strange and charm baryons at LHC is
discussed, based on the exploitation of large statistics of baryons with large Lorentz boost
and polarization. The Λ strange baryons are selected from weak charm baryon decays
produced in pp collisions at ≈ 14 TeV center-of-mass energy, while Λ+c and Ξ+c charm
baryons are produced in a fixed-target experiment to be installed in the LHC, in front ot
the LHCb detector. Signal events can be reconstructed using the LHCb detector in both
cases. The sensitivity to the EDM and the MDM of the strange and charm baryons arises
from the study of the spin precession in intense electromagnetic fields. The long-lived Λ
precesses in the magnetic field of the detector tracking system. Short-lived charm baryons
are channeled in a bent crystal attached to the target and the intense electric field between
atomic planes induces the spin precession. Sensitivities for the Λ EDM at the level of
1.3 × 10−18 e cm can be achieved using a data sample corresponding to an integrated
luminosity of 50 fb−1 to be collected during the LHC Run 3. A test of CPT symmetry
can be performed by measuring the MDM of Λ and Λ baryons with a precision of about
4× 10−4 on the g factor. The EDM of the Λ+c (Ξ+c ) can be searched for with a sensitivity
of 1.3 (2.0)× 10−17/√t(month) e cm with dedicated runs or running in synergetic mode
with the LHCb experiment, in parallel to pp collisions. Both solutions have to be studied
in details using ad-hoc simulations. The proposed experiment would allow about two
orders of magnitude improvement in the sensitivity for the Λ EDM and the first search
for the charm baryon EDM, expanding the search for new physics through the EDM of
fundamental particles.
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A Spin precession and time evolution equations
The time evolution of the spin-polarization vector for a particle with charge q in an
electromagnetic field, as a function of the proper time τ , is given by the Thomas-Bargmann-
Michel-Telegdi (T-BMT) equation [43–45],
daµ
dτ
=
gµB
~
[
F µνaν +
1
c2
(
aαF
αβuβ
)
uµ
]
− 1
c2
(aαu˙
α)uµ−dµB
~
[
F ∗µνaν +
1
c2
(
aαF
∗αβuβ
)
uµ
]
,
(19)
where F µν is the electromagnetic tensor, aµ = (a0, a) is the spin 4-pseudovector, and
pµ = muµ = (E/c,p) is the momentum 4-vector. For homogeneous fields, the velocity
derivative is given by the Lorentz force,
u˙µ ≡ du
µ
dτ
=
q
mc
F µνuν . (20)
In the rest frame of the particle, aµ = (0, s), pµ = (mc,0), where s is the non-relativistic
spin-polarization vector. Therefore, in any frame aµpµ = 0 and aµa
µ = −s2.
In a frame comoving with respect to the particle rest frame where the particle has
velocity β = p/mγ, e.g. the laboratory frame, aµ is given by [76,77]
a = s +
γ2
γ + 1
(β · s)β , a0 = β · a = γ(β · s), (21)
where the components of the momentum 4-vector are p0 = γmc2 and p = γmβc. Substi-
tuting in the covariant Eq.(19), the spin precession equation is [76–79],
ds
dt
= s×Ω , Ω = ΩMDM + ΩEDM + ΩTH, (22)
where t is the time in the laboratory frame, and the precession angular velocity vector Ω
has been split into three contributions,
ΩMDM =
gµB
~
(
B− γ
γ + 1
(β ·B)β − β × E
)
, (23)
ΩEDM =
dµB
~
(
E− γ
γ + 1
(β · E)β + β ×B
)
,
ΩTH =
γ2
γ + 1
β × dβ
dt
=
q
mc
[(
1
γ
− 1
)
B +
γ
γ + 1
(β ·B)β −
(
1
γ + 1
− 1
)
β × E
]
,
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corresponding to the MDM, EDM and Thomas precession. The electric and magnetic
fields, E and B, respectively, are expressed in the laboratory frame.
For a neutral particle (q = 0) the Thomas precession term, arising from Lorentz forces,
does not contribute and we obtain the classical equation, ds/dτ = µ×B∗+ δ×E∗, where
E∗ and B∗ are the external fields in the rest frame of the particle [76]. Equations (22)
and (23) can be generalized to account for field gradient effects as described in Ref. [80,81].
A.1 Spin time evolution for the Λ case
For E = 0 and q = 0, Eqs. (22) and (23) simplify to
ds
dt
= s×Ω, (24)
Ω =
µB
~
[
g
(
B− γ
γ + 1
(β ·B)β
)
+ dβ ×B
]
, (25)
where β is the particle velocity in the laboratory frame. This system of homogeneous first
order linear differential equations can be solved analytically with the approximation that
the precession of the particle depends only on the integrated magnetic field along its flight
path. Given the initial condition s(0) = s0, the time evolution of the polarization is
s(t) = (s0 · ω)ω + [s0 − (s0 · ω)ω] cos(Ωt) + (s0 × ω) sin(Ωt), (26)
where Ω = |Ω| and ω = Ω/Ω, with the precession angular velocity given by Eq. (25).
The polarization in terms of the experimentally measured Λ flight length l = βct, s(l),
has similar form,
s(l) = (s0 · ω′)ω′ + [s0 − (s0 · ω′)ω′] cos Φ + (s0 × ω′) sin Φ, (27)
where Φ = |Φ| and ω′ = Φ/Φ. The precession angle vector is
Φ =
µB
β~c
[
g
(
D− γ
γ + 1
(β ·D)β
)
+ dβ ×D
]
, (28)
with D ≈ Bl = ∫ l
0
B(r0 + βl
′/β)dl′ the integrated magnetic field along the Λ flight path.
A.1.1 Magnetic field gradients
The inhomogeneities of the magnetic field are not expected to introduce significant effects
in the spin precession. The spin equation of motion including first-order field gradients is
derived in Ref. [81] to be
ΩMDM =
gµB
~
[
B− γ
γ + 1
(β ·B)β
]
+
gµB
2
1
mc
γ
γ + 1
(β ×∇)
[
s ·
(
B− γ
γ + 1
β(β ·B)
)]
,
ΩEDM =
dµB
~
[β ×B] + dµB
2
1
mc
γ
γ + 1
(β ×∇) [s · (β ×B)] . (29)
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In LHCb the ratio of the field gradient terms to the homogeneous field ones can be
estimated as
~
2mc
βγ
γ + 1
|∇B|
B
∼ 7.4× 10−16 ,
with β ' 1 and γ  1, and where |∇B| = 1.14 Tm−1 and B = 1 T are the maximum
values within the detector acceptance as extracted from the LHCb field mapping [46, 68].
Therefore, this effect is negligibly small at LHCb.
A.1.2 Spin rotations
The variation of the Λ momentum direction in the laboratory frame results in an initial
polarization vector which is not fixed to be perpendicular to the magnetic field. The
relative orientation of the spin and magnetic field vectors is determined by two rotations.
On one hand, the polarization vector from the equation of motion is given in the comoving
rest frame reached from the laboratory frame, SL, by a pure boost. This is usually referred
to as canonical frame [77]. However, the analyser, given by Eq. 1, is defined in the particle
helicity frame. The two rest frames, canonical and helicity, are related by the rotation
between the SL and SΛL frames, defined by the Λ and H momentum directions in SL
(see Fig. 1). One the other hand, the choice of the SΛL frame induces a second rotation
of the polarization components with respect to the SΛ frame, where the Λ longitudinal
polarization is maximal, as illustrated in Fig. 6. This is known in the literature as Wick
rotation. To avoid dilution effects, the change of the polarization has to be analysed as a
function of the kinematics of the decay. For example, a longitudinally polarized Λ with
polarization s0 along z in SΛ would have a transverse component in SΛL of magnitude
s0 sinα, with sinα = (mΛ/mH)(p
(L)
H /p
(L)
Λ ) sin θ [77]. As shown in Fig. 6, the Λ helicity
angle θ and the spin direction are related to the Λ impact parameter in the laboratory [82].
The relation can be exploited to define ensembles of Λ particles having similar initial
polarization, therefore improving the sensitivity to detect the spin change.
For the sensitivity studies, the rotation of the magnetic field into the SΛL frame and
the Wick rotation are neglected. The first is expected to have a negligible impact on our
study since Λ baryons have momenta largely along the z axis, and the main component
of the magnetic field is along the vertical direction (By), thus mostly perpendicular to the
Λ motion. Instead, the effect of the Wick rotation is not relevant when measuring the
spin change of ensembles of Λ particles having similar initial polarization.
A.2 Spin time evolution for the Λ+c and Ξ
+
c case
For B = 0 and q = +1, Eq. (23) simplifies to
Ω =
2µ′
~
(E× β) + dµB
~
E +
1
γ + 1
2µB
~
(E× β)− dµB
~
γ
γ + 1
(β · E)β, (30)
where
µ′ =
g − 2
2
e~
2mc
, (31)
is the anomalous magnetic moment for a spin-1/2 particle. Since we are dealing with
ultra relativistic Λ+c with γ ≈ 437 at 1 TeV energy, in first approximation the terms ∝ 1/γ
are neglected.
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Figure 6: Sketch of the heavy baryon production at the primary vertex (PV) and its decay
into a Λ, showing the SH , SΛ and SΛL helicity frames, in the zy plane in SL. Continuous
(dotted-dashed) arrows represent momenta in SL (SH) frame. The Λ polarization vector (thick
arrow at the right) is aligned along the z axis in SΛ (longitudinal polarization), and rotated by
the Wick angle α with respect to z in SΛL. The polarization state of the Λ in SΛL (thick arrows
at the left) is correlated with its apparent production point on the z plane in SL intersecting
the PV. These points are shown by the short-dashed lines traced back from the Λ trajectory
(intersecting the H decay point). The angle θ (θL) is formed by the Λ momentum in the SH
(SL) frame with respect to the z axis in SH .
We describe the particle trajectory in a bent crystal using radial coordinates [52], as
shown in Fig. 7,
x(t) = const., y(t) = ρ(t) cos(Ωt), z(t) = ρ(t) sin(Ωt), (32)
where Ω is the revolution frequency for the particle traversing the bent crystal. In our
ultra-relativistic case it is well approximated by Ω ≈ c/ρ0, where ρ0 is the crystal curvature
radius. The radius of the trajectory as a function of time is
ρ(t) = ρ′0 + a cos(Ωkt+ δ), (33)
where a, Ωk and δ are the oscillation amplitude, frequency and phase, respectively; a and δ
depend on the particle energy and incident angle, while Ωk depends on the crystal potential
and particle energy. The radial equilibrium position ρ′0 differs from the electric potential
minimum position ρ0, due to the centrifugal potential, avoiding periodical cancellations
and therefore inducing spin precession [53]. The electric potential in the crystal around
the minimum can be approximated as an harmonic potential,
V =
k
e
[ρ(t)− ρ0]2
2
, (34)
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Figure 7: Radial coordinates definition: ρ0 is the radius corresponding to the minimum of
the harmonic electric potential; ρ′0 represents the radial equilibrium position of the electric
and centrifugal potential. The red curve represents the particle trajectory inside the crystal
in presence of the radial electric field E, a is the oscillation amplitude and Ω the revolution
frequency.
and the corresponding electric field is
Ex = 0 Ey = −dV
dρ
cos(Ωt) Ez = −dV
dρ
sin(Ωt), (35)
where the oscillation frequency of the particle around its equilibrium position ρ′0 is
Ωk =
√
kc2/eW with W being the particle energy. Typical values for the relevant
quantities are ρ0 ∼ 30 m, Ω ≈ c/ρ0 ∼ 107 Hz, a ∼ 10−10 m, k = 4× 1017 eV/ cm2 for a Si
crystal, yielding Ωk ∼ 1013 Hz for 1 TeV particles.
Substituting the radial coordinates and applying the ultra-relativistic approximation
to Eq. (30) we obtain:
Ωx ≈ 2µ
′
~
(Eyβz − Ezβy) = 2µ
′
~
(
−dV
dρ
ρΩ
c
)
Ωy ≈ dµB~ [Ey − (β · E) βy] =
dµB
~
{
−dV
dρ
cos(Ωt) +
dV
dρ
ρ˙
c2
[−ρΩ sin(Ωt) + ρ˙ cos(Ωt)]
}
Ωz ≈ dµB~ [Ez − (β · E) βz] =
dµB
~
{
−dV
dρ
sin(Ωt) +
dV
dρ
ρ˙
c2
[ρΩ cos(Ωt) + ρ˙ sin(Ωt)]
}
.
(36)
In absence of EDM, i.e. d = 0, the spin precession inside the bent crystal occurs in
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the yz plane with the following spin time evolution [52],
s(t) =

sx(t) = 0
sy(t) = s0 cos (ωt)
sz(t) = −s0 sin (ωt)
, (37)
for the initial condition s0 = (0, s0, 0) and where ω ≈ 2µ′E(ρ′0)/~ is the precession
frequency. The spin precession angle defined in Eq. (3) is Φ = ωt, where t is the time
needed to traverse the crystal. In presence of a non-zero EDM the spin precession is no
longer confined to the yz plane, generating a sx spin component otherwise not present,
dsx
dt
= syΩz − szΩy
≈ dµB
~
dV
dρ
s0
{
− cos(ωt) sin(Ωt)− sin(ωt) cos(Ωt)
+
ρ˙ρΩ
c2
[
cos(ωt) cos(Ωt)− sin(ωt) sin(Ωt)]
+
ρ˙2
c2
[
cos(ωt) sin(Ωt) + sin(ωt) cos(Ωt)
]}
=
dµB
~
dV
dρ
s0
{
− sin [(ω + Ω)t] + ρ˙ρΩ
c2
cos [(ω + Ω)t] +
ρ˙2
c2
sin [(ω + Ω)t]
}
.(38)
To derive Eq. (38), EDM effects are assumed to be small compared to the MDM effects,
i.e. d (g − 2), and therefore Ωy,Ωz  Ωx. We neglect terms of order ρ˙/c where
ρ˙ = −aΩk sin(Ωkt+ δ) ∼ aΩk ∼ 103 m/ s, (39)
since the second term of Eq. (38) is about ρ˙ρΩ/c2 ∼ ρ˙/c ∼ 3× 10−4 and the third term is
about ρ˙2/c2 ∼ 9× 10−8. We demonstrate that Ω ω by requiring the electric force to be
identical to the centripetal force,
mγc2
ρ′0
= eE(ρ′0), (40)
and obtain ω ≈ 2µ′~ E(ρ′0) ∼ 1010 Hz Ω ∼ 107 Hz.
Then, Eq. (38) simplifies as
dsx
dt
=
dµB
~
(
−dV
dρ
)
s0 sin(ωt), (41)
and the time evolution is
sx(t) = −dµB~ E(ρ
′
0)
∫ t
0
sin(ωt′)dt′ − dµB
~
ka
e
∫ t
0
cos(Ωkt
′ + δ) sin(ωt′)dt′. (42)
The second integral is negligibly small since Ωk  ω and its fast oscillation averages the
integral to zero. The calculation can be decomposed into two analytically integrable terms
proportional to sin(Ωkt
′) sin(ωt′) and cos(Ωkt′) sin(ωt′). Assuming Ωk  ω, the maximum
value of this integral is
∼ dµB
~
ka
eΩk
∼ 2 d
g − 2ξ, (43)
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where ξ = µ′ka/~eΩk . 10−2 and terms proportional to ξ were neglected to derive
Eq. (37) [52]. Finally we obtain the time evolution of the polarization vector in presence
of a non-negligible EDM,
s(t) =

sx(t) ≈ s0 d
g − 2
[
cos(ωt)− 1]
sy(t) ≈ s0 cos (ωt)
sz(t) ≈ −s0 sin (ωt)
. (44)
A.2.1 Electric field gradients
The equations describing the particle trajectory and its spin precession in an electromag-
netic field, including first-order electromagnetic field gradients, as well as a particle EDM
contributions, are derived in [81]. In absence of magnetic fields the spin precession vector
Ω = ΩMDM + ΩEDM + ΩTH is
ΩMDM =
gµB
~
[E× β] + gµB
2
1
mc
γ
γ + 1
(β ×∇) [s · (E× β)] ,
ΩEDM =
dµB
~
[
E− γ
γ + 1
(β · E)β
]
+
dµB
2
1
mc
γ
γ + 1
(β ×∇)
[
s ·
(
E− γ
γ + 1
β(β · E)
)]
, (45)
with unchanged Thomas precession component. Using the harmonic potential approxima-
tion we obtain
d|E|
dρ
=
k
e
, (46)
and employing the values used in this appendix, the ratio of the field gradient terms to
the homogeneous field ones is estimated to be
~d|E|
dρ
2mc|E| =
~kρ′0
2m2γc3
∼ 2.3× 10−3 1
γ
, (47)
which is negligibly small in the ultra-relativistic regime.
When including electric field gradient effects, in absence of magnetic fields, the particle
trajectory equation becomes
mc
d(γβ)
dt
= qE
+ γ2
gµB
2
[
∇+ β × (β ×∇) + 1
c
β
∂
∂t
]
[s · (E× β)]
+ γ2
dµB
2
[
∇+ β × (β ×∇) + 1
c
β
∂
∂t
] [
s ·
(
E− γ
γ + 1
β(β · E)
)]
, (48)
where the first term is the Lorentz force and the following two terms are the MDM and
EDM contributions. In our experimental setup the initial spin vector is orthogonal to E×β,
hence the MDM component is negligible. The typical magnitude of the ratio between the
EDM electric field gradient term and the Lorentz force contribution is ∼ dγ × 10−3 which
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can be close to 1 for γ ∼ 1000 only if d ∼ 1, i.e. similar EDM and MDM magnitudes.
However, we assume the EDM magnitude to be tiny with respect to the MDM one, as
already assumed in the derivation of the spin equation of motion. In case of a large EDM,
this term would make the spin precession frequency dependent on the spin direction.
B Asymmetry parameter α for quasi two-body final
states in Λ+c → pK−pi+ decays
The angular distribution for a spin 1/2→ 1/2 0 baryon decay is given by Eq. (1). The
parameter α characterizes the parity violation in the decay and determines the sensitivity
to the initial polarization. The effective α parameter for Λ+c → K∗0(K−pi+)p, Λ+c →
∆++ (ppi+)K− and Λ+c → Λ(1520) (pK−)pi+ quasi two-body decays can be calculated
using the results of an amplitude analysis for Λ+c → pK−pi+ decays reported in Ref. [55].
The angular distribution for those decays is determined by the helicity amplitudes. A
similar angular distribution to Eq. (1) is obtained for the above quasi two-body decays
when integrating over all the decay angles, except for the helicity angle of the baryon
daughter of the Λ+c . The computed α parameters are listed in Table 4.
Table 4: Computed α parameters for different quasi two-body final states in Λ+c → pK−pi+
decays. The values for the helicity amplitudes are taken from Ref. [55]. Since no correlation
matrix is provided in the article, the errors are calculated assuming no correlation among the
helicity amplitude results.
Decay α
Λ+c → K∗0(K−pi+)p −0.545± 0.345
Λ+c → ∆++ (ppi+)K− −0.666± 0.298
Λ+c → Λ(1520) (pK−) pi+ −0.105± 0.604
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